Investigators from Children's National Medical Center, Wenzhou Medical University, Virginia Tech, University of Colorado, University of Virginia, Georgetown University, University of Maryland, and Brown University performed transcriptome analysis on human epileptogenic tissue and extended the investigation by creating and testing mouse lines with targeted genetic deletions of the Clock gene.
Because one of the genes that make up the molecular mechanism of the circadian clock (namely, Bmal1) had been previously shown to alter seizure threshold in mice, the authors of this article evaluated the expression of the Clock gene (Bmal1's partner in the positive loop of the circadian clock) in brain tissue from patients with intractable epilepsy. They found decreased CLOCK protein in epileptogenic tissue as compared to control tissue. Next, they generated mouse lines with deletion of Clock in cortical excitatory neurons (Emx-Cre;Clock flox/flox ) and found that these mice showed diminished seizure threshold and their excitatory neurons exhibited spontaneous epileptiform discharges. The authors also noticed that Emx-Cre;Clock flox/flox mice have defects in dendritic spines similar to spine defects seen in human epileptogenic tissue and that neurons from both the mutant mice and human tissue show decreased spontaneous inhibitory post-synaptic currents.
The authors conclude that the similarities between brain tissue from Emx-Cre;Clock flox/flox mice and from epileptic patients suggest that disruption of CLOCK may be a central component of dysfunctional cortical circuits involved in the generation of focal epilepsy. [1] COMMENTARY. Because focal cortical dysplasia is the most common cause of intractable focal epilepsy in children [2] , the findings of this study are clearly of interest to pediatric neurologists. How soon these research findings will lead to effective treatments, however, will depend on followup studies. Clock gene variants have been associated with chronotype variations [3] , sleep disorders [4] , obesity [5] , alcoholism [6] , and various other disorders, and it remains to be determined how specific the disruption of Clock expression is for the generation of focal epilepsy. The situation is further complicated by the fact that, at least in some areas of the brain, the circadian clock can remain operational using Npas2 instead of Clock when Clock is knocked out [7] .
If the loss of Clock transcriptional activity is specific for the generation of focal epilepsy, its mechanism of action must be further investigated. The increased excitability of pyramidal neurons may be due to the loss of inhibition on principal neurons, and the authors recognize that further research is necessary to clarify how the loss of Clockmediated transcription in excitatory neurons results in impaired inhibitory activity in their presynaptic partners. They plan to investigate whether the primary result of CLOCK loss of function is a synaptic change or a circuit change (or both).
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